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ABSTRACT: The paper deals with the physico-chemical parameters of Gawrala lake and Vinjasan lake in 
Bhadrawati of Chandrapur district. Monthly changes in physical and chemical parameters such as Air 
temperature, Water temperature, Transparency, Conductivity, pH, Dissolved Oxygen, Free Carbon Dioxide, 
Alkalinity, Total Hardness, Calcium Hardness, Magnesium Hardness, Chloride, Biological Oxygen Demand, 
Chemical Oxygen Demand, Phosphate, Sulphate and Nitrate were analyzed for a period of two year from 
February 2013 to January 2015. In the present investigation, the higher value of carbon dioxide, total 
alkalinity, phosphate, sulphate and nitrate in Gawrala lake indicates its polluted nature. On the other hand, 
the lowest values of the above parameters in Vinjasan lake show its non-polluted nature. 
Keywords - Gawrala and Vinjasan lake, Physico-chemical parameters, Monthly variation. 
INTRODUCTION 
Analysis of water quality and monitoring 
for physico-chemical parameters are essential to 
preserve and protect the natural ecosystem. 
         The study of different water parameters is 
very important for understanding of the metabolic 
events in the aquatic ecosystem. The parameters 
such as turbidity, alkalinity, hardness etc. influence 
each other and also the sediments parameters as 
they govern the abundance and distribution of the 
flora and fauna. Such studies when carried out from 
time to time which indicates on ecosystem. 
Climatic factors such as rainfall, temperature, 
pressure and humidity etc. play an important role in 
the geology as well as terrestrial environment and 
knowledge of these factor help in understanding the 
complex processes in water bodies. The quality of 
surface water occurring in rivers, reservoirs, lakes, 
dams, ponds depend on their physico-chemical and 
biological properties (S.G. Shinde, 2011). Gawrala 
lake and Vinjasan lake are principal fresh water 
bodies located within Bhadrawati town in 
Chandrapur district of Maharashtra state. 
Bhadrawati is a tahsil place near about 25 Km 
North of Chandrapur and 125 Km South East from 
Nagpur.  It is situated at about 211m above the 
mean sea level and is at 20˚06'35.67" N latitude 
and 79˚07'7.33" E longitude. 
MATERIAL AND METHODS 
The water samples were collected from 
the marginal areas at 1 to 1.5 m depth from three 
sides of each pond with the help of Ruffner’s 
sampler. The water samples were collected in dried 
plastic cans of 2 Lit. capacity and brought to the 
laboratory and immediately analyzed. The sample 
collection was made during the morning hours 
between 8.30 a.m. to 10.30 a.m. The samples were 
collected every month for the period of 2 years i.e., 
February 2013 to January 2015. The recorded data 
was segregated in 3 seasons, summer (February to 
May), Monsoon (June to September) and Winter 
(October to January). During the monitoring, 
physicochemical parameter like atmosphere and 
water temperature, pH and transparency were 
determined on the sampling spot while the other 
parameter were determined in the laboratory as per 
the standard methods of APHA (2005) and Trivedi 
and Goel (1984). 
RESULT AND DISSCUSION 
During the present study, the atmospheric 
temperature of Gawrala lake was recorded between 
20°C to 47.00°C and 21.11°C to 45.29°C in 
Vinjasan lake. Similar observations made by 
Rafiullah M. Khan, Milind  J. Jadhav and I. R. 
Ustad (2012) was recorded the atmosphere 
temperature between 22°C to 31°C in Triveni lake 
Amravati District in (M.S.) India. Archana Gupte 
and Nisar Shaikh (2013) observed the surface water 
temperature varied according to the seasonal 
fluctuations of atmospheric temperature being 
higher in pre-monsoon and lower in post monsoon 
in Shelar lake Bhiwandi, Thane (M.S). In present 
investigation seasonally maximum value recorded 
in summer season whereas minimum in winter 
season. 
The water temperature of Gawrala lake 
18.07°C to 37.55°C and Vinjasan lake 18.07°C to 
36.55°C. Patil Alaka A. (2014) observed the water 
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temperature between 24.1°C (December) to 29.1°C 
(May) during first year of study and in the next 
year, it rose from 26.5.0°C in winter to 30.5°C 
during summer Birnal reservoir in Sangali, 
Maharashtra. I. Ramesh and B.R. Kiran (2015) 
reported the value of water temperature in between 
25°C to 36ºC Rangaenahalli Tank of Chikmaglore 
district, Karnataka. In the present investigation 
there is a gradual decline in the temperature of 
water from July to January and it increases till 
June. Water temperature followed pattern being 
higher in summer and lower in winter. Low 
temperature during winter season may be attributed 
to the shorter photoperiod and decreased 
atmospheric temperature (Kant and Raina 1990). 
The Sacchi disc transparency in Gawrala 
lake was recorded at 15cm to 35cm and 6.5 cm to 
37.8 cm in Vinjasan lake. S. E. Shinde, T. S. 
Pathan, K. S. Raut, P. R. More and D. L. Sonawane 
(2010) were recorded 5.5cm to 22.7cm 
transparency in Harsool - Savangi Dam, District 
Aurangabad, India. S. A. Manjare, S. A. 
Vhanalakar and D. V. Mule (2010) were recorded 
6.0 cm to 92.0 cm transparency in Tamdalge Tank 
in Kolhapur District, Maharashtra, Pawar Sharda 
Balaji (2013) found the maximum value was 
recorded 56 ± 0.34cm and minimum value was 
recorded 16 ± 0.67cm in Makni, Osmanabad 
District (M.S), India. In the present investigation 
maximum transparency was recorded during 
monsoon seasons and minimum during the summer 
seasons. Patil, Alaka A. (2014), observed the 
lowest transparency during summer and highest 
values were recorded during rainy season, during 
first year and highest values during winter in the 
next year of study period in Birnal Water Body of 
Sangli, Maharashtra. 
In Gawrala Lake, the maximum water 
conductivity 267 µmhos/cm was recorded and 
minimum water conductivity 120 µmhoss/cm. In 
Vinjasan Lake, the maximum conductivity 371 
µmhos/cm and minimum conductivity 120 
µmhos/cm was recorded. Poonam Bhadja and 
Ashok kumar Vaghela (2013) found the electrical 
conductivity of the water samples ranged between 
584 and 832.5 μS/cm in Aji Reservoir, Nyari 
reservoir and Lalpari Lake at Rajkot City in 
Gujarat. Farha Aziz, Rafia Azmat, Farah Jabeen 
and Bushra Bilal (2013) found the range of 
electrical conductivity between 238-490 μS cm-1 in 
the year 2009-2011 in Keenjhar Lake, Thatta, 
Sindh, Pakistan. In the present investigation 
seasonally maximum conductivity was recorded 
during monsoon season and minimum recorded 
during the summer season. T.P. Naik et.al., (2012) 
found the seasonal behavior of electric conductivity 
was more during rainy season which is followed by 
winter and summer in Kunigal lake in Tumkur 
district, Karnataka, India. Similar observation made 
by Trivedy and Goel (1984), N.A. Manwar, P.P. 
Rathod and I.A. Raja (2013). 
             In Gawrala Lake the pH was recorded 
between 6.20 to 8.11 and 6.50 to 8.4 in Vinjasan 
lake. pH value is very important for plankton 
growth (Chisty, 2002). According to Umavathi 
et.al., (2007) pH is ranged 5 to 8.5 is best for 
plankton growth. Similar pH was observe by A.D. 
Samrat, R.V. Wanjule and B.N. Pande (2012) in 
Kagzipura Lake Near Aurangabad (M.S.), Ramesh. 
N and Krishnaiah. S (2014) in Bellandur Lake, 
Bangalore, India, Sangeeta Ahuja (2015) in Salim 
Ali Lake Aurangabad. In present investigation, the 
pH value maximum in January and November. It is 
evident from the data that the pH value declines in 
monsoon season and increase during winter season. 
Prashant Dabrase and Pravina Salve (2015) 
observed the pH 7.9 to 8.12 which is moderately 
alkaline and within the range of prescribed standard 
(pH 6.5-8.5) in Kolar dam near Telangkhedi 
premises, Tahasil Saoner, Maharashtra. 
The Dissolved Oxygen was recorded 0.1 
to 2.6 mg/lit in Gawrala lake and in Vinjasan lake 
0.1 to 8.6 mg/lit was recorded. Similar observations 
was found by Rajyalakshmi et.al., (1988) in the 
brackish water ponds of Chilka fringe area, 
Thampy et.al. (1988) in the saline ponds at Cochin, 
Ramesh N and Krishnaiah. S (2014) in Bellandur 
Lake, Bangalore. In present investigation 
maximum value found in rainy season and 
minimum value found in winter. According to 
Trivedi and Goel (1988) reported that low oxygen 
concentrations are associated with heavy 
contamination by organic matter. Similarly this 
situation is observed Anand Singh Bisht, Gulam 
Ali, D.S.Rawat and N. N. Pandey (2013) in sub 
tropical Himalayan Region of India, J.G.Koliyar 
and N.S.Rokade (2008) in Powai Lake Mumbai. 
The highest dissolved oxygen may be due to high 
photosynthetic activity in rainy season and low 
dissolved oxygen in winter may be due to 
contamination of high organic matter in winter. 
The free carbondioxide was recorded 
between 2.100 to 54.100 mg/lit in Gawrala lake 
and 0.1 to 6.00 mg/lit free carbondioxide recorded 
in Vinjasan lake. Similar observation made by 
Parveen, M., Shafi Bhat, M. and Haq, S. (2013) in 
Dal lake, Kashmir, Muzaffar, U. Zaman Khan, 
Ishtiyaq Majeed Ganaie (2014) in Upper lake of 
Bhopal, Gajendra R. Shahapure et.al., (2014) of 
Sambhaji lake Solapur, Maharashtra, Arti sharma, 
K.K. Sharma, Neha Sharma and Hiteshi Jamwal 
(2014) in lentic water bodies in J and K. Seasonally 
free carbondioxide is maximum in winter season 
and minimum in summer season of Gawrala lake 
and in Vinjasan lake the maximum value found in 
winter season and minimum value also find in 
winter season. The maximum free carbondioxide in 
winter is due to higher values of free carbon 
dioxide is  possibly due to the decomposition of 
organic matter, low photosynthetic activity and low 
precipitation of free carbon dioxide as carbonates, 
however the minimum free carbondioxide due to 
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decrease in photosynthetic activity during summer 
season. 
The total alkalinity of Gawrala lake was 
found 15 to 102 mg/lit and in Vinjasan lake total 
investigation was found to be 5 to 32 mg/lit. N.V. 
N.V. Harney, A.A. Dhamani and R.J. Andrew 
(2013) found the total alkalinity ranged 8.00 mg/lit. 
to 24.00 mg/lit. in Pindavani pond  Bhadrawati, 
Central India. The maximum seasonal value was in 
monsoon season in Gawrala lake and minimum 
value was observed in monsoon season in Vinjasan 
lake. Similar observation made by Priyanka Yadav, 
V.K. Yadav, A.K. Yadav and P.K. Khare (2013) in 
Mahil pond, Orai in Jalaun district of Uttar 
Pradesh, Chintan Barot and Vasant Patel (2014) in 
Wetlands of Mehsana Districts, North Gujarat, 
Jyoti Choudhary, S.N.Singh and Sunita Singh 
(2014) in the three rural ponds of Sasaram of Bihar.  
In the present investigation, maximum values of 
alkalinity during monsoon may be due to 
household detergents products added in the pond 
only in monsoon season due to flooding of 
channels after their saturations in summer. 
The total hardness observed in Gawrala 
lake was 109.00 mg/lit to 2.820 mg/lit lit and in 
Vinjasan lake is 18.62 mg/lit to 0.180 mg/lit. 
Similar findings observed by Saksena et.al., (2012) 
in Kharland (saline) ponds of Ratnagiri, 
Maharashtra. Patil Alaka A. (2014) in Birnal 
reservoir Sangali. Smitha, Ajay D. and 
Shivashankar P. (2013) at River Kapila, 
Nanjangudu Industrial Area, Mysore, India, Rahul 
Shivaji Patil, Sachinkumar R. Patil, and Rajaram S. 
Sawant (2015) observed 72 mg/lit to 276 mg/lit in 
Maligre Freshwater Reservoir of Ajara Tahsil, 
Kolhapur District (MS), India. Pawale, R.G. (2014) 
observed total hardness at site I is 150 to 90 mg/lit 
and on site II is 160 to 95 mg/lit. In present 
investigation, the total hardness value was 
maximum during summer and minimum in 
moonson season. Rahul Shivaji Patil, Sachinkumar 
R. Patil, and Rajaram S. Sawant (2015) reported 
maximum values in summer and minimum in 
moonson in Maligre Freshwater Reservoir of Ajara 
Tahsil, Kolhapur District (MS), India. In present 
investigation highest hardness value in summer 
season are mainly attributed to rise in temperature 
thereby increasing the solubility of calcium and 
magnesium salts. Minimum value in monsoon 
season due to dilution. Similar trend was reported 
by Sahib (2011) in Parappar reservoirs of Kerala, 
Sangpal et.al., (2011) in Ujjani Reservoir, Solapur 
district. 
The maximum value of calcium hardness 
reorded as 64.100 mg/lit and minimum calcium 
hardness recrded as 15.400 mg/lit. in Gawrala lake 
and in Vinjasan lake calcium value recorded as  
18.5 mg/lit to 0.3 mg/lit. Arti sharma, K.K. 
Sharma, Neha Sharma and Hiteshi Jamwal (2014) 
observed 7.8 to 29.4 mg/lit of calcium hardness in 
Dewal pond of Jammu. Rewatkar, S.B., Doifode, 
S.K., Kanojiya, A.B and Gourkar, A.R. (2015) 36.3 
to 98.1 mg/l in Wainganga river Desaiganj (Wadsa) 
in Gadchiroli (M.S). In present research the 
maximum calcium hardness found in summer and 
minimum in monsoon. High concentration of 
calcium in summer have been reported by 
Ramanibai and Ravichandran (1987) and Kaushik 
et.al., Similar results were found by Saxsena and 
Saksena (2009) in a polyculture pond at 
Government Fish Farm, Gwalior (Madhya Pradesh) 
and Jain et. al., (2011) in Kishanpura dam, Baran, 
Rajasthan, India. The maximum values of calcium 
was due to decomposition of aquatic vegetation and 
low level of water. 
The magnesium hardness was recorded in 
the range of 49 mg/lit to 1.9 mg/lit in Gawrala lake 
and 3.340 mg/lit to 0.010 mg/lit in Vinjasan lake. 
Rahul Shivaji Patil, Sachinkumar R. Patil and 
Rajaram S. Sawant (2015) reported magnesium 
hardness values between 14.18 mg/lit to 47.09 
mg/lit Maligre Freshwater Reservoir of Ajara 
Tahsil, Kolhapur District (M.S.). 
In present investigation, the maximum 
value observed in summer season and minimum 
value observed in monsoon season. The maximum 
values of magnesium was due to high temperature, 
increased rate of evaporation, low water level, 
microbial decomposition of organic matter and 
direct relation with calcium. 
The values of chloride found between 0.11 
mg/lit to 9.10 mg/lit in Gawrala lake and 0.10 
mg/lit to 11.50 mg/lit in Vinjasan lake. Similar 
observation made by Smitha, Ajay D. and 
Shivashankar P. (2013) in River Kapila, 
Nanjangudu Industrial Area, Mysore, India, 
Sanindhar Shreedhar Gaikwad and Nitin Anandrao 
Kamble (2014) in Panchaganga river (MS), India. 
The chloride is one of the important indicators of 
pollution (Khare et. al., 2007). In present 
investigation maximum chloride was recorded 
during monsoon season and minimum recorded in 
summer season. Kaushik (1989, 1991a, b) also 
observed increased chloride level in ponds during 
rainy season. Increasing concentration of chlorides 
is an indication of eutrophy. In general, 
concentration of chlorides is affected by several 
factors, such as increased human and cattle 
activities. This also indicates the organic load of 
animal origin. 
The Biological Oxygen Demand (B.O.D) 
values recorded are 1.6 mg/lit to 0.11 mg/lit in 
Gawrala lake and 1.4 mg/lit to 0.10 mg/lit in 
Vinjasan lake. Similar results showed by Priyanka 
Yadav et.al., (2013) in Mahil pond, Orai in Jalaun 
district of Uttar Pradesh. Chintan Barot and Vasant 
Patel (2014) in Wetlands of Mehsana Districts, 
North Gujarat. In present investigation, the 
maximum biochemical oxygen demand value is 
recorded during monsoon season and minimum 
during summer season. 
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A higher value of biochemical oxygen 
demand shows maximum consumption of oxygen 
in mitigating higher organic pollution load. The 
values of biochemical oxygen demand were 
obtained highest in monsoon  due to presence of 
high amount of organic matter and entry of other 
allocthonous materials there by increasing the 
respiratory activity of the heterotrophic organisms. 
Increased temperature and sedimentation load 
reduce B.O.D. (Pyatkin and Krivoshein, 1980). 
The Chemical Oxygen Demand (C.O.D) 
values recorded are 7.8 mg/lit to 7.0 mg/lit in 
Gawrala lake and 8.6 mg/lit to 1.9 mg/lit in 
Vinjasan lake. Pratibha Pandey, Pankaj K. Sahu 
and Y.N. Jha (2014) in different ponds of Bilaspur 
District, C.G. Gajendra R. Shahapure et.al., (2014) 
in Sambhaji lake Solapur, Maharashtra. In the 
present investigations, higher value during summer 
may be due to higher decomposition activities and 
low levels of water. Bhandarkar and Bhandarkar 
(2013) found the maximum value of C.O.D. was 
recorded at Site-I and site-III during the summer in 
some freshwater lotic ecosystems in Gadchiroli 
District Maharashtra. Shib Abir (2014) found the 
high value of chemical oxygen demand in summer 
season and low in winter season in Rudrasagar 
Wetland - A Ramsar Site, Tripura, North East, 
India. 
The phosphate is recorded between 0.213 
mg/lit. to 9.300 mg/lit. in Gawrala lake and 0.188 
mg/lit. to 0.655 mg/lit. in Vinjasan lake. Narayana 
et.al., (2008) found the phosphate value between 
0.004 mg/lit. to 0.014 mg/lit. in Anjanapuram 
reservoir near Shikaripur, Dist. Shimoga, 
Karnataka. Meenakshi Saxena (2012) found the 
maximum value of phosphorous (0.086 mg L
-1
) 
was obtained in monsoon and the minimum (0.029 
mg L
-1
) in winter study on Raipur reservoir in 
Gwalior Madhya Pradesh. In the present 
investigation seasonally maximum phosphate was 
recorded during monsoon season in Gawrala lake 
and minimum during monsoon season in Vinjasan 
lake. Similar observation are made by Lendhe and 
Yeragi (2004) from Phirange Kharbau lake, 
Maharashtra and Parikh and Mankodi (2012) on 
Sama pond, Vadodara, Gujarat (India). The high 
values of phosphate are mainly due to rain, surface 
water runoff, agriculture run off; washer man 
activity could have also contributed to the 
inorganic phosphate content. 
The sulphate value was recorded as 9.7 
mg/lit to 0.3 mg/lit in Gawrala lake and 0.96 mg/lit 
to 0.2 mg/lit in Vinjasan lake. N.V.Harney, A.A. 
Dhamani and R.J. Andrew (2013) recorded the 
values of sulphate recorded are 0.84 mg/lit. to 2.10 
mg/lit. in Pindavani pond of Central India. S. 
Sohani, S. Iqbal and A. Bafna (2014) recorded the 
range of sulphate between 0.028 mg/lit to 0.032 
mg/lit in Sirpur Talab at Indore, India. In present 
study, higher concentration of sulphate recorded in 
monsoon season and minimum recorded in winter 
season. The relatively low values of sulphates were 
measured during winter mainly because of its 
uptake and accumulation by plankton and aquatic 
macrophytes as well as bacteria. 
The nitrate value range between 0.680 
mg/lit. to 0.010 mg/lit. in Gawrala lake and 0.5 
mg/lit. to 0.120 mg/lit. in Vinjasan lake. Meenakshi 
Saxena (2012) recorded nitrate range between 
0.250 mg/lit to 0.870 mg/lit in Raipur reservoir in 
Gwalior, Madhya Pradesh. R.N. Jadhav, Mukesh 
R. Pimpliskar and Shruti Handa (2013) recorded 
nitrate range between 0.025 to 0. 0125 mg/l. in 
Nirmal Lake, Vasai, Dist. Thane, Maharashtra. 
Nirmal Bisht et.al., (2013) found the nitrates value 
between 0.4 mg/lit to 4.3 mg/lit in three different 
water bodies of sub tropical Himalayan Region of 
India. In present investigation high values of nitrate 
found in monsoon season due to influx of nutrients 
from the watershed areas along with runoff water 
in monsoon and low value in winter season, 
kinetics of nitrogen cycling was low due to less 
decomposition of organic matter and low water 
temperature. 
 
CONCLUSION 
The physicochemical parameters studied 
showed much variations in the lake. The higher 
value of Carbondioxide, Total alkalinity, 
Phosphate, Sulphate and Nitrate in Gawrala lake 
indicates its polluted nature. On the other hand, the 
lowest values of the above parameters in Vinjasan 
lake show its non-polluted nature. 
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Table: 1 
            
Two yearly variation of Physico-Chemical parameters of water in Gawrala Lake during 2013-15 
S.N. Parameters Site-A Site-B Site-C Total 
1 Atm. Temp 32.77 ± 6.59 31.32 ± 6.74 32.09 ± 7.09 32.06 ± 0.21 
2 Wat. Temp 28.13 ± 5.50 28.00 ± 5.67 27.91 ± 5.42 28.01 ± 0.10 
3 Transparency 27.39 ± 4.88 27.47 ± 81.05 26.45 ± 5.87 27.10 ± 35.68 
4 Conductivity 178.125 ± 28.021 212.042 ± 99.972 183.000 ± 32.747 191.056 ± 32.861 
5 pH 7.30 ± 0.42 7.19 ± 3.13 7.27 ± 0.38 7.25 ± 1.29 
6 
Dissolved 
Oxygen 
0.699 ± 0.391 0.575 ± 13.239 0.879 ± 0.616 0.718 ± 6.004 
7 CO2 17.538 ± 13.58 21.158 ± 18.936 21.736 ± 17.392 20.144 ± 2.248 
8 
Total 
Alkalinity 
64.46 ± 20.86 54.68 ± 19.79 55.69 ± 23.72 58.28 ± 1.66 
9 
Hardness 
Total 
45.011 ± 10.28 58.037 ± 21.188 66.044 ± 20.521 56.364 ± 4.992 
10 Hardness Ca 33.705 ± 9.073 35.025 ± 15.876 43.135 ± 12.100 37.288 ± 2.783 
11 Hardness Mg 11.330 ± 6.089 23.202 ± 15.660 22.930 ± 11.660 19.154 ± 3.925 
12 Chloride 1.797 ± 1.706 2.280 ± 2.015 2.420 ± 2.257 2.166 ± 0.225 
13 BOD 0.670 ± 0.447 0.533 ± 2.150 0.761 ± 0.370 0.654 ± 0.822 
14 COD 5.538 ± 1.272 4.569 ± 2.315 4.800 ± 1.883 4.969 ± 0.428 
15 Phosphate 2.917 ± 3.072 2.817 ± 3.006 2.853 ± 3.423 2.863 ± 0.183 
16 Sulphate 2.830 ± 2.795 2.743 ± 2.517 2.661 ± 2.684 2.744 ± 0.115 
17 Nitrate 0.404 ± 0.094 0.289 ± 0.064 0.318 ± 0.135 0.337 ± 0.029 
Table:2             
Two yearly variation of Physico-Chemical parameters of water in Vinjasan Lake during 2013-15 
S.N
. 
Parameters Site-A Site-B Site-C Total 
1 Atm. Temp 30.67 ± 7.07 30.67 ± 6.88 30.67 ± 7.06 30.67 ± 0.09 
2 Wat. Temp 26.28 ± 5.54 26.00 ± 5.58 26.05 ± 5.29 26.11 ± 0.13 
3 
Transparen
cy 
23.40 ± 6.98 26.61 ± 70.89 26.59 ± 5.19 25.53 ± 30.56 
4 Conductivity 
199.37
5 
± 
49.99
7 
201.44
4 
± 
96.22
5 
175.37
5 
± 
20.26
9 
192.06
5 
± 
31.25
2 
5 pH 7.30 ± 0.41 7.11 ± 2.64 7.23 ± 0.38 7.21 ± 1.06 
6 
Dissolved 
Oxygen 
3.584 ± 2.749 1.822 ± 1.243 2.163 ± 2.042 2.523 ± 0.615 
7 CO2 0.670 ± 1.303 1.124 ± 8.434 0.845 ± 1.019 0.880 ± 3.431 
8 
Total 
Alkalinity 
13.51 ± 5.28 15.15 ± 6.31 18.16 ± 7.64 15.61 ± 0.97 
9 
Hardness 
Total 
9.108 ± 6.214 7.406 ± 5.269 8.274 ± 5.163 8.263 ± 0.473 
10 Hardness Ca 8.494 ± 6.155 6.636 ± 5.315 6.683 ± 4.176 7.271 ± 0.811 
11 Hardness Mg 0.557 ± 0.418 1.339 ± 2.666 1.363 ± 0.886 1.086 ± 0.968 
12 Chloride 5.227 ± 3.167 5.005 ± 3.276 5.498 ± 3.625 5.243 ± 0.195 
13 BOD 0.658 ± 0.457 0.434 ± 2.347 0.749 ± 0.395 0.613 ± 0.906 
14 COD 5.358 ± 1.302 4.713 ± 2.516 5.025 ± 1.782 5.032 ± 0.499 
15 Phosphate 0.203 ± 0.100 0.283 ± 0.192 0.311 ± 0.123 0.266 ± 0.039 
16 Sulphate 0.476 ± 0.146 0.563 ± 0.180 0.721 ± 0.081 0.587 ± 0.041 
17 Nitrate 0.366 ± 0.078 0.300 ± 0.076 0.300 ± 0.119 0.322 ± 0.020 
 
